ABSTRACT Electrophoretic studies have shown that the average frequency of heterozygous loci per individual is about 12% in Drosophila and other invertebrates and, about 6% in vertebrates. It is estimated that only about two-thirds of all amino acid substitutions change net electric charge; hence, a large fraction ofall genetic variation may be undetected by electrophoresis. Peptide mapping of 11 independent alleles coding for alcohol dehydrogenase in Drosophila melanogaster has uncovered one cryptic variant; thus, the frequency of electrophoretically cryptic variation is apparently low, about 9% in this sample. Nevertheless, with a simple model itis shown that this degree ofcryptic variation; if it is typical of other loci, would substantially change our current estimates of genetic variation: the average heterozygosity would increase from about 12% to about 25% for invertebrates and from about 6% to 21% for vertebrates.
Electrophoretic techniques have uncovered enormous amounts of genetic variation in natural populations: in most sexually reproducing organisms, an individual is heterozygous at 5-20% of its loci (1) . It Another open issue concerns the processes that maintain the pervasive genetic variation already known. Kimura and Ohta (3) have proposed that most of the protein variation observed in natural populations is adaptively neutral-the polymorphisms represent a transitional phase in molecular evolution going from fixation for one allele to fixation for another adaptively equivalent allele as a consequence of random drift. The model presented in (3) assumes that the number of possible alleles is effectively infinite, an assumption that is not met by electrophoretically detected variation. A modified version of the neutralist hypothesis is the "charge-state model," which postulates that there is a limited number of detectable allelic states, differentiated from each other by one or more electric charges, and that each detectable allelic class consists of a large number ofelectrophoretically "cryptic" alleles, all ofwhich code for proteins with identical electrophoretic mobility but have different amino acid sequences (2, (4) (5) (6) (7) (8) . According to the charge-state model, no allele within a given electrophoretic class (or "electromorph") is expected to exist in high frequency, but rather there should be many alleles, each in low frequency. I herein advance a simple model in order to explore the effect of electrophoretically cryptic variants on current estimates of genetic variation. Then, I examine the available empirical data and conclude that (i) cryptic variation seems to be considerably less extensive than it is claimed by the calculations quoted above, but (ii) nevertheless the resulting increase in the estimates of genetic variation in natural populations is not trivial. Finally, I argue that the existing evidence is inconsistent with the charge-state model.
THE MODEL
Let xi represent the frequencies of electrophoretically detectable alleles at the k locus; Xxi = 1. Assuming Hardy-Weinberg equilibrium, the values of the parameters that measure electrophoretic variation are frequency of homozygotes: Hom = Ex 2 frequency of heterozygotes: Het = 1 -x 2 effective number of alleles: ne = 1/Xx12. First, I shall assume that each electrophoretic allele is actually a class consisting of two alleles, with frequencies a and b, coding for protein sequences that differ by at least one amino acid; a + b = 1. I shall also assume for simplicity that the frequencies of the two alleles in each electrophoretic class are the same for all electromorphs. The values of the parameters that measure total variation, electrophoretic as well as cryptic, are:
Het' = 1 -(a2 + b2) Xx,2 n = 1/(a2 + b2) Xx,2 = ne/(a2 + b2). The increase in genetic variation due to cryptic variants may be measured in two ways. First, one may obtain the difference between total heterozygosity and electrophoretic heterozygosity:
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As before, the smaller the amount of electrophoretically detectable variation, the greater the difference between the two heterozygosities. The maximum possible value ofthis difference will be 1 -a2, when the locus is monomorphic by electrophoresis.
Other models are possible. For example, it might be the case that within each electrophoretic class there are several-to-many cryptic alleles, all in about equal frequencies. However, the ADH data given below suggest that there is one common allele within each electrophoretic class.
RESULTS
The amount of electrophoretically cryptic variation at a given locus could be estimated by obtaining the amino acid sequence of each electrophomorph from a sufficiently large number of individuals. Clearly, this is not presently feasible because the required investment of time and other resources is enormous. Peptide mapping, or "fingerprinting," ofprotein digests is a less expensive method, although it may not give full resolution (because some amino acid substitutions in insoluble peptides or in large ones may be undetected).
ADH (alcohol:NAD+ oxidoreductase, EC 1.1.1.1) from D. nwlanogaster has been examined in our laboratory by fingerprinting (9, 10) . Two electromorphs, ADHF (or, simply, F for "fast") and ADHs ( Table 5 . Using sequential electrophoresis, Kreitman (17) failed to detect any electrophoretically cryptic variants in a sample of 96 allelic products (although he could differentiate some variants first identified by thermostability). Sampsell (19) examined by heat denaturation 4436 allelic products and obtained a small increase in variation. Although the allelic sample studied by fingerprinting is much too small, this technique appears to have considerably greater power for detecting electrophoretically cryptic variation than the two other techniques. Yet, the various techniques give consistent results in the sense that they all indicate that conventional electrophoresis may actually detect most of the protein variation present in natural populations (see also ref. 23 ). Although, as pointed out, an increase of 20% in the effective number of alleles is not trivial, it is not likely to have drastic consequences for most evolutionary considerations.
These results apply, of course, only to genetic variation that yields differences in the primary structure of proteins. In addition, variation exists in redundant third-codon positions and in the untranslated regions of the DNA. Comparisons between species and between homologous genes within the same genome are providing information about the rates of evolution of (27) has written: "A prediction can . . . be made: when the time and techniques are available, it will be found that the commoner electrophoretic 'alleles' in almost every polymorphic system in large populations will be shown to consist of a number of sequentially distinct isoalleles." The model also predicts that the charge difference between the F and S electromorphs will involve various amino acid substitutions at a variety of sites.
These predictions are not borne out by the present results. First, only one cryptic allele has been found in a sample of 11 independent ADHs. Second, the charge difference between the ADHs and ADHF electromorphs is in every case due to the 
